For wild free-living animals the availability of food resources can be greatly affected by environmental perturbations such as weather events. In response to environmental perturbations, animals activate the hypothalamic-pituitary-adrenal (HPA) axis to adjust physiology and behavior. The literature asserts that during weather events food intake declines leading to changes in HPA axis activity, as measured by both baseline and stress-induced glucocorticoid concentrations. Here we investigated how body condition, locomotor activity, and stress physiology were affected by varying lengths of a fast (1, 2, 6, and 24 hour; similar to that experienced by free-living birds) compared to when food was provided ad libitumin captive wintering male white-crowned sparrows, Zonotrichia leucophrys gambelii, exposed to a short day photoperiod. Baseline corticosterone concentrations were increased for all fasting durations but were highest in 6 and 24 hour fasted birds. Stress-induced corticosterone was elevated in 1 hour fasted birds with a trend for the 2 hours of fast; no other differences were found. Baseline corticosterone concentrations were negatively related to both total fat scores and body mass. All birds lost body mass regardless of fast length but birds fasted for 24 hours lost the most. Fat scores declined in the 6 and 24 hour groups, and no measureable changes were detected in pectoralis muscle profile. Locomotor activity was increased over the entire period in which food was removed regardless of fasting duration. Together this suggests that reduced food availability
Introduction
In an ever changing world, animals are becoming exposed to frequent perturbations to their environment (Smith 2011 . One of the most common stressors endured by free-living animals are reductions in food availability which can occur due to inclement weather, trophic mismatches, and changes in predator prey dynamics (Both et al. 2005 , Sheriff et al. 2010 , Krause et al. 2016b . A reduction in food supply, promotes the mobilization and utilization of energy reserves which results in the overall decline in body condition (Wingfield and Ramenofsky 2011) . During these stressors, vertebrates activate the hypothalamic-pituitary-adrenal (HPA) axis resulting in elevation in the stress hormone corticosterone, often above basal concentrations, which then modifies physiology and behavior (Schoech et al. 2009 , Sheriff et al. 2011 . Baseline concentrations of corticosterone are thought to control metabolic processes (i.e., protein and lipid catabolism) while stress-induced concentrations in response to environmental perturbations are thought to mediate life history trade-offs Sapolsky 2003, Landys et al. 2006) . Corticosterone would generally be considered to be at a baseline state until environmental perturbations elevate stress-induced concentrations (Sheriff et al. 2011) . Baseline corticosterone concentrations often fully saturate high affinity mineralocorticoid receptors (MR) while low affinity glucocorticoid receptors (GR) are occupied when concentrations rise. (de Kloet 2014) . The presence of both high and low affinity receptors allows the system to operate in a two-tiered fashion which enables differential regulation of physiology and behavior under unstressed and stressed conditions (Joëls et al. 2008 , de Kloet 2014 .
A C C E P T E D M A N U S C R I P T
The specific environmental stimuli that control rapid changes in HPA activity in response to severe perturbations remain largely unknown but have been attributed to declines in food availability and increased severity of the environment. In birds, corticosterone can increase in response to increasing snow (Astheimer et al. 1995 , Krause et al. 2016b ) and rain fall (Smith et al. 1994 , Raouf et al. 2006 , Jenni-Eiermann et al. 2008 , Ouyang et al. 2015 , fasting in incubating birds (Spée et al. 2010 , Thierry et al. 2013 , Angelier et al. 2015 , natural declines in prey availability (Kitaysky et al. 1999b) , or increased predator pressure (Sheriff et al. 2010 ) and is most often attributed to a decline in caloric intake. Captive studies corroborate findings in the field that restriction or removal of food result in elevated baseline concentrations of corticosterone and this is directly related to body condition (Kitaysky et al. 1999b , Lynn et al. 2003 , Cornelius et al. 2010 , Lynn et al. 2010 , Fokidis et al. 2011 , Lendvai et al. 2014 . To date, studies investigating the relationship between food intake and corticosterone concentrations have found mixed results for stress-induced concentrations of corticosterone (Kitaysky et al. 1999b , Kitaysky et al. 2001 , Fokidis et al. 2011 ).
The allostasis model suggests that the degree of HPA axis activity both at baseline and stress-induced concentrations is intricately tied to the energetic state of the individual, which in turn mediates the effects of environmental conditions and resource availability (McEwen and Wingfield 2003) . Activation of the emergency life history stage is thought to occur when animals enter into allostatic overload; the point at which both internal energetic stores and available food in the environment can no longer meet the demands of metabolism. Individuals in poor condition are thus most likely to rapidly increase HPA axis activity, triggering the emergency life history stage and devoting resources towards self-maintenance Kitaysky 2002) . However this threshold has remained a nebulous and arbitrary level in the A C C E P T E D M A N U S C R I P T literature as so many unmeasurable factors affect an animal's overall energetic balance. During periods of stress and possible allostatic overload, corticosterone concentrations have been linked with protein catabolism (Astheimer et al. 2000 , Landys et al. 2006 , Fokidis et al. 2012 , lipid mobilization (Landys et al. 2004a , Landys et al. 2004b , escape behavior (Breuner and Hahn 2003) , hyperactivity in cages (Morton 1967 , Astheimer et al. 1992 , Lynn et al. 2003 , Fokidis et al. 2011 , suppression of reproduction (Calisi et al. 2008 , Deviche et al. 2010 , increased feeding activity (Astheimer et al. 1992 , Fokidis et al. 2012 , and enhanced immune function (Sapolsky et al. 2000) all of which are thought to promote survival. However, corticosterone does not appear to be directly linked to glucose metabolism in birds (Remage-Healey and , Fokidis et al. 2011 ). In addition, it is not entirely understood how changes in corticosterone during these stressors leads to changes in feeding rates following the disturbance which help to restore body condition after metabolic stores have been drawn upon.
The aim of this study was to investigate the relationships between food intake, body condition, daily activity, and HPA axis activity in a long-distance migratory songbird, the whitecrowned sparrow, Zonotrichia leucophrys gambelii, which breed in Alaska and Canada and winters in the American southwest (Chilton et al. 1995) . Using the same captive experimental paradigm described by Lynn et al. 2003 we investigated the effects of varying durations of fasting on the relationships between activity, body condition, and corticosterone concentrations.
This paradigm is ecologically relevant to disturbances experienced by birds in the wild. As the length of the fast increased, we predicted that the degree of HPA activation would increase, measured both at baseline and stress-induced concentrations, and body condition would continue to decline. We predicted a negative relationship between corticosterone concentrations with both fat scores and body mass. In addition, we predicted that food removal would promote increased A C C E P T E D M A N U S C R I P T perch hopping activity and this would be positively correlated with corticosterone concentrations. Finally, we hypothesized that the change in body condition and food intake either on the day of the fast or recovery day would be related to circulating corticosterone.
Methods

Birds
A total of 36 male white-crowned sparrows were caught in late October through early November 2015 in the vicinity of Davis, California. During this time of year, birds are highly social and form flocks ranging in size from a few to several hundred individuals (Morton 1967) .
Free-living birds exhibit the highest feeding intensity in the early morning and late afternoon while in captivity foraging intensity is more evenly distributed; although both feed throughout the day (Morton 1967 ).
Birds were housed in individual cages (35 cm (w) x 40 cm (l), 45 cm (h)) in three separate indoor aviaries held at 20±2°C and exposed to a constant photoperiod of 11.5 L and 12.5 D to mimic daylength at the time of capture (lights on 6:30 AM and off at 6:00 PM). A diet of 60 % Mazuri maintenance chow and 40 % wild bird seed and water was provided ad libitum. Cages were equipped with an infrared photodetection system to monitor activity via beam breaks as previously described Németh 2014, Pérez et al. 2016) . All experiments were approved by University of California Davis Institutional Animal Care and Use Committee under protocol 16283.
Experimentation
Data were collected for four major periods which include when birds were caught (field), the days leading up to the experiment (pre-fasted), the day of the experiment (fasted), and the day following the experiment (recovery). Birds were acclimated to captivity for a period of two A C C E P T E D M A N U S C R I P T and a half weeks prior to collection of pre-fasted corticosterone and body condition data when food and water was provided ad libitum. Collection of pre-fasted data allowed birds to serve as their own control. The birds were given a one week recovery period prior to the onset of experimentation. Birds were split into four different experimental groups of 9 birds each in which food was removed from their cages for 1, 2, 6 and 24 hours. On the day of experimentation, two investigators entered the three rooms at 8:30 AM, replaced the cage floor liners (ensured removal of any residual food in the cage), and removed the food for the 1, 2 and 24 hour groups. The next day, the same process was repeated for the 6 hour group which was housed in the same room as the 24 hour group. Food was returned immediately after the birds were bled and returned to their cages. This experimental design has been previously demonstrated to induce changes in baseline corticosterone and behavior in white-crowned sparrows (Lynn et al. 2003, see Fig.1 ) .
Morphometrics
Body mass was measured to the nearest 0.01 g using an Oshaus digital scale. Pectoralis muscle size profile was assessed visually on a scale of 0 to 3 (Bairlein and Simons 1995) , while subcutaneous fat deposits were visually scored from 0 (absent) to 8 (bulging) in both furcular and abdominal regions (Kaiser 1993) . All muscle and fat scores were performed by the same observer throughout the experiment to minimize observer effects and treatment was unknown to the observer.
Food Intake
Daily food consumption over a 24 hour period was measured at 8:30 AM, 2 hours after lights on, using an Oshaus digital scale (+ 0.01g). Food intake was measured for 3 days immediately following transfer to captivity, 3 days prior to, the day of, and 1 day post food
removal. This allowed us to assess changes in food consumption over the entirety of the experiment.
Physiological and behavioral sampling
At the end of each food restriction period, the investigators entered the room to collect a baseline corticosterone sample with a mean ± SD time to sample of 117 ± 39 seconds of disturbance. The mean time to sample under ad libitum conditions was 121 ± 42 seconds.
Previous studies on wintering white-crowned sparrows have shown that sample collection within 3 minutes of capture represented baseline or near baseline concentrations of corticosterone (Romero and Reed 2005) . A standardized handling restraint protocol was used to assess HPA axis activity by placing a bird into an opaque cloth bag until the second sampling point 30 minutes post removal from the cage . Approximately 80 µL of whole blood was collected into a heparinized capillary tube at each time point and placed into a cooler until later processing. Blood was centrifuged at 10,000 RPM for a period of 5 minutes and hematocrit was measured using the baseline sample only, as previously described (Krause et al. 2016a ). Plasma was aspirated using a Hamilton syringe, placed into a microcentrifuge tube and then stored at -20°C until the assay date.
A total of 34 activity monitoring systems were used to register individual bird activity levels. All birds in each group were recorded except for the one hour group in which only 4 individuals were monitored because not enough activity monitors were availablefor every individual. Activity was quantified by the number of infrared beam breaks that occurred as the bird hopped about the perch over a fifteen minute interval. Data were recorded using a minimitter activity system and VitaView software. All entry into and out of the experimental room was noted to control for investigator induced disturbances and were excluded from the analyses.
A C C E P T E D M A N U S C R I P T
The room was entered once a day for animal husbandry. On the day of experimentation the room was entered to remove the food and then to capture the bird for a blood sample.
Corticosterone assay
Corticosterone concentrations were analyzed using a radioimmunoassay assay previously described by Wingfield et al. (1992) . In brief, 10-30 µL of plasma was measured and then combined with ~2,000 CPM of radioactive corticosterone for later determination of recovery effeciency. Steroids were extracted from the aqueous phase for a period of 3 h using dichloromethane (redistilled within 24 hours of use). Extracts were dried in a 35°C water bath under a stream of N 2 . Steroids were reconstituted using 550 µL phosphate-buffered saline with gelatine (PBSG). Next, 200 µL aliquots were placed into test tubes in duplicate and combined with 100 µL of 10 4 CPM of tritiated corticosterone (Perkin Elmer NET399250UC) and 100 µL of antiserum (MP Biomedical antibodies: 07-120016, Lot 3R3-PB-20E ). A 100 µL aliquot was placed into individual scintillation vial to determine percent recoveries. Each scintillation vial received 3.5 mL of scintillation fluid (Perkin Elmer; Ultima gold 6013329) and then counted for 5 m using a Beckman 6500 liquid scintillation counter. Unbound steroid was stripped from solution by adding 500 µL of dextran coated charcoal followed by centrifugation at 2,800 RPM for 10 minutes. Final hormone values were corrected using the individual recovery for each sample. The mean detection limits of the assay were 8.60 pg/tube and the mean recoveries were 85.62 ± 4.12. The intra-and inter-assay variation was 5.05 and 6.14 %, respectively. The bound to free ratio was 0.31. The antibody was validated by checking for parallelism between diluted plasma pool that was spiked with a known amount of corticosterone and standard curve (Supp. 
Statistical Analyses
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Statistical analyses were performed using JMP 11 Pro (SAS Institute Inc., Cary, NC, 1989 -2007 . Hormonal data were analyzed using two separate approaches. First we used a paired t-test to examine the effects of food removal at both baseline and stress-induced time points to understand how concentrations of corticosterone fluctuated at the individual level. We used a linear mixed effects model, with individual included as a random effect, to investigate the effects of acute restraint (stress), food removal duration (group), and their interaction on circulating corticosterone. The residuals were saved from the linear mixed effects model and were found to be normally distributed for both control (W=0.98, P=0.35) and experimental (W=0.96, P=0.07) groups. The relationship between baseline corticosterone and fat scores were investigated using nonparametric ANOVA -Kruskal-Wallis test.
Changes in corticosterone, fat, and body mass were determined by subtracting values measured under ad libitum conditions from fasted conditions. Changes in the various parameters were compared using a Peason's correlation analyses for both baseline and stress-induced concentrations of corticosterone in relation to changes in body measurement from ad libitum to fasted conditions or from fasted to recovery conditions. Body mass was analyzed using both a linear mixed effects model with individual included as a random factor and the main effects of food removal duration (group) and day of the study. Body condition index was calculated by using a principal components analysis using skull and tarsus lengths and the PC1 scores were saved. PC1 scores were then regressed against body mass and the residuals were saved yielding body condition index score. We calculated the change in body mass during the day of the fast and on the day of recovery. A repeated measures analysis of variance (ANOVA) was used to investigate the main effects of food removal duration and day of study along with their interaction. Post hoc analyses for repeated measures ANOVA
and linear mixed models were conducted using Tukey's Honestly Significance Difference Test (HSD).
Since fat scores and pectoralis muscle profiles are ordinal data they were analyzed with an ordinal logistic model. Hematocrit levels were analyzed using a Paired t-test to compare prefasted to fasted levels within each fasted group. A one-way ANOVA was used to investigate differences in hematocrit levels across groups at both pre-fasted and fasted levels. To determine if fasting had an effect on activity during the fasting period and total day time activity data was analyzed using one-way ANOVA.
Results
Corticosterone concentrations
Prior to the food removal experiment, there were no differences in baseline (F 3,34 Fig. 1 ). Stress-induced concentrations were significantly higher in fasted The amount of food consumed on the recovery day was positively correlated with the change in baseline corticosterone (R 2 =0.64, P=0.0006; Fig. 4a ). Change in fat from ad libitum to fasted conditions was negatively correlated with the change in baseline corticosterone concentrations (R 2 =0.33, P=0.046, Fig. 4b ). Change in body mass from ad libitum to fasting conditions was positively correlated with the change in stress-induced corticosterone concentrations (R 2 =0.39, P=0.02, Fig. 4c ). No other relationships were found for either baseline or stress-induced corticosterone concentrations when compared to changes in fat, mass, food intake, or activity from ad libitum to fasted conditions or fasted to recovery conditions.
Body mass
Following transfer from the field to captivity, body mass increased in the 1 (t=3.28, P=0.003), 2 hour groups (t=4.19, P<0.001), remained unchanged for the 6 hour group (t=0.81, The greatest mass gain occurred in the 24 h food restricted birds while 6 hour group had the lowest mass gain on the recovery day (F 3,28 =27.53, P<0.001; Tukey's HSD P<0.05; Fig 3b) .
Total fat scores
Fat scores significantly increased in all groups following initial capture (χ 2 =63.5, DF = 7, P<0.001; Fig. 5c 
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DF=3, P=0.07).
Food intake
Food intake did not differ between the groups when food was provided ad libitum (F 3,32 =0.30, P=0.82; Fig. 5g ). Food intake during the 24 hour sampling period was significantly reduced following food removal in the 1 (t=3.07, P=0.01), 2 (t=4.46, P=0.002), and 6 (t=2.96, P=0.01) and 24 hour group (t=5.02, P=0.001; Fig 5g) . A comparisons across groups showed that food intake was lowest in the 24 (F 3,29 =13.57, P=0.01; Fig. 5h ). During the recovery day food intake was not different compared to pre-fasted levels in the 1 (t=1.97, P=0.08), 2 (t=0.25, P=0.80) but was higher in the 24 hour group (t=2.69, P=0.04) and the level was greater than all other groups. (Fig. 6 ). The 24 hour fasted group had lower total day time activity on the day of recovery compared to both control and experimental days while no other differences were detected for the other groups.
Hematocrit levels
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Discussion
Effects of fasting on baseline corticosterone concentrations
Baseline corticosterone concentrations increased in response fasting, regardless of the duration but the variance was greatest in the 6 and 24 hour groups. High corticosterone was best explained by an exponential decay curve in which overall body condition was lower than the population average and coupled to fat scores that were lower than two. Birds with very high corticosterone (>20 ng/mL) concentrations were found in 2, 6 and 24 hour groups which suggests that high concentrations are not solely dependent upon the duration of the fast. The relationships between corticosterone, fat scores, and body condition provides evidence in support of the allostasis model in that corticosterone concentrations are not elevated until energetic stores ACCEPTED MANUSCRIPT
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are nearly exhausted and energy cannot be gained in sufficient quantity from the environment to support daily metabolic needs . Similar nonlinear relationships between corticosterone and body condition have been reported in previous studies (Romero and Wikelski 2001 , Jenni-Eiermann et al. 2008 , Fokidis et al. 2011 , Lendvai et al. 2014 ).
The time course for the elevation in baseline corticosterone concentrations over the rather short period of 1-2 hours is of note as gastric emptying rates for small songbirds has been estimated at 2-3 hours (Stevenson 1933 , Morton 1967 ) and birds had access to food before the experiment started. The rapid elevation in baseline corticosterone suggests a psychological, as opposed to a metabolic, stressor that is responsible in birds fasted over short durations. While high fasted baseline corticosterone may identify birds that were in stage 3 fasting (the point at which fat stores are nearing exhaustion and protein catabolization is reinitiated which is known to elicit increases in corticosterone concentrations across taxa). The degree to which baseline corticosterone can change in the wild can be quite variable during poor weather conditions with concentrations often being elevated (Astheimer et al. 1992 , Kitaysky et al. 2001 , Lynn et al. 2003 , Cornelius et al. 2010 , Lynn et al. 2010 , Fokidis et al. 2012 , Lendvai et al. 2014 ) but can also remain low near baseline concentrations compared to good weather (Krause et al. 2016c) which may suggest that if ample forage is available and body condition can be maintained that baseline corticosterone concentrations may not significantly rise. Similar in this study no relationships between body condition and corticosterone could be identified when food was provided ad libitum. Ecological perturbations that have a negative impact on an animal's ability to forage often result in increased corticosterone concentrations which is likely to activate the emergency life history stage ).
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The hormone data corroborate the findings Lynn et al (2003) for the groups fasted for 1, 2, and 6 hours but 24 hours whose baseline concentrations were the same as pre-fasted conditions. Our study along with several other studies use a similar design in which measurements are taken prior to food removal and then on the day of removal for all individuals and cannot fully remove the confound of duration of time in captivity. Despite this shortcoming, consistent patterns of elevated corticosterone in response to food removal would suggest that it is not solely an artifact of the study design (Kitaysky et al. 1999a , Lynn et al. 2003 , Cornelius et al. 2010 , Fokidis et al. 2011 , Fokidis et al. 2012 . The data suggest that if good overall body condition is maintained during the fast then baseline corticosterone concentrations will remain relatively low. It is difficult to make direct comparisons because body condition measures were not reported and the experiment was performed on long day birds as compared to our short day birds which may have influenced circadian patterns of corticosterone secretion.
Effects of fasting on stress-induced corticosterone concentrations
The current study identified differential modulation of stress-induced corticosterone concentrations over a short time frame following food removal in which the system becomes hyper-sensitized to acute restraint stress for the 1 hour group and a trend for the 2 hour group. This might be explained by an initial strong psychological stress when the food is first removed which later subsides after six hours. The regulation of three stages of fasting and ad libitum conditions may likely be linked to unique stress profiles that differ in how rapidly corticosterone concentrations are elevated. The HPA axis has the greatest capacity for activation, as measured by stress-induced corticosterone, during breeding (Romero 2002 ) and this has been hypothesized to promote a more rapid response to a perturbation . How the rapid changes in HPA axis activation are achieved remain enigmatic despite several studies. Adrenal
A C C E P T E D M
A N U S C R I P T activation in white-crowned sparrows appears to be maximal during the winter months as injections of adrenocorticotropic hormone (ACTH), corticotropin releasing hormone (CRH), or arginine vasotocin (AVT) failed to elevate corticosterone concentrations above restraint handling alone (Romero and Wingfield 1999 ). Other possible mechanism by which HPA axis modulation can occur may be related to control of negative feedback through receptor expression (Hodgson et al. 2007 , sympathetic input to the adrenal gland Engeland 2002, Ulrich-Lai et al. 2006) , expression of 11-β hydroxysteroid dehydrogenase (Harris et al. 2001) , local negative feedback mechanisms (Walker et al. 2015) and the endocannabinoid system (Evanson et al. 2010 ) can all regulate corticosterone secretion.
Locomotor activity
Locomotor activity was increased following food removal and remained elevated until food was returned. Hyperactivity in response to food removal has previously been documented in birds and was described as a food seeking behavior (Morton 1967 , Astheimer et al. 1992 , Lynn et al. 2003 , Fokidis et al. 2011 . We predicted that the degree of hyperactivity would be related to the corticosterone concentrations but we failed to find this relationship. Exogenous administration of corticosterone has identified relationships with locomotion in the field (Breuner and Hahn 2003) and in the laboratory during ad libitum (Breuner and Wingfield 2000) and fasted conditions (Astheimer et al. 1992) . Following the fast, locomotor activity was reduced on the recovery day in the 24 hour food removal group only.
Body Condition
Body mass and fat scores were reduced by fasting, although dependent upon the duration of the fast, while pectoralis muscle profiles and hematocrit were not negatively affected. Birds
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with the highest baseline concentrations of corticosterone during the fast also had the greatest decline in total fat scores. Exposure to exogenous corticosterone under ad libitum conditions can reduce body mass, fat scores, and muscle scores in white-crowned sparrows suggesting that corticosterone, under fasting conditions, is likely adding in the production metabolites to fuel metabolism (Astheimer et al. 2000 , Busch et al. 2008 ). In addition, blocking the glucocorticoid receptor decreases circulating free fatty acids in the blood of white-crowned sparrows (Landys et al. 2004b ). Taken together this may suggest that elevated concentrations of corticosterone are driving fat metabolism in white-crowned sparrows.
A somewhat paradoxical result was the positive relationship between stress-induced corticosterone concentrations and body condition although this has been previously reported in birds (Fokidis et al. 2011) . It is possible that there is a two tiered system for regulating changes in body condition during the food stressor in which the second tier is selected if conditions become even worse as mimicked by the restraint stress. Following the fast, body mass did not fully recover while total fat scores and pectoralis muscle profiles were returned to normal except for lower fat in the 6 hour group and greater muscle profile in the 24 hour group. Overall, the 24 hour group endured the greatest change in overall body condition and even increased pectoralis scores on the recovery day beyond estimates on the pre-fasted day. The return of food following the fast and the rapid deposition of fat is not surprising given the rate at which fat is often lost and gained over the course of the 24 hour period in small passerines (Lehikoinen 1987) . The failure to regain total body mass is likely attributable to muscle loss. In the wild, some individuals are able to increase body condition during harsh conditions (Krams et al. 2010 ) while others able to maintain body condition despite harsh conditions (Krause et al. 2016b ).
Food intake
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Fasting and acute restraint stress caused measurable declines in food intake in all groups.
The reduction in food intake is rather surprising for the 1-2 hour group given the minimal relative disturbance within the lights on period and ample time to become hyperphagic for the remaining part of the day. Morton in 1967, showed the white-crowned sparrows tend to eat at a consistent rate throughout the day and the degree of decline in food intake may be a linear function of time that food was not present. The 24 hour group increased food intake following the fast and had the greatest mass gain during the recovery period. The change in baseline corticosterone concentrations from ad libitum to fasted conditions were positively correlated with the change in food intake on the day of recovery. Contrary to our study, a significant negative relationship was found between baseline corticosterone levels and food intake on the recovery days in Northern wheatears (Eikenaar et al. 2014) . In wild birds corticosterone might prime feeding circuits in the brain on the recovery day following the disturbance to reestablish body condition but this may context dependent. Whether or not corticosterone is the direct signal for hyperphagia following fasting is still under debate as opioids and cholecystokinin have also been implicated in regulating feeding in white-crowned sparrows (Astheimer et al. 1992 , Richardson et al. 1993 .
Conclusion
Wild free-living animals are often exposed to severe environmental conditions that limit access to food. This current study suggests that the lack of food is responsible, at least in part, for the rapid elevation both baseline corticosterone under any duration of fast and stress-induced concentrations during short-term fasts. Whether or not these rapid changes in HPA axis activation are the result of metabolic or psychological stressors still needs to be fully explored.
Corticosterone signaling is likely regulating metabolic processes, along with other hormones, to Values are presented as means ± SEM. Significance was determined at P=0.05. body mass, (C,D) total fat, (E,F) muscle profile, and (G,H) food intake. Significant differences between the days of the experiment are indicated by asterisks (*) for differences between field caught and pre-fasted (ad libitum); daggers ( †) for pre-fasted (ad libitum) and fasted individuals;
and diamonds (◊) for pre-fasted and recovery. Food intact data for 6 hour group on the day of recovery was not collected due logistical problems. Letters that are different indicate significant differences across groups varying in the duration of fasting. Fig. 6 . Effects of fasting for 1, 2, 6, and 24 hours on locomotor activity on days prior to the fast, during the fast, and on the recovery day. Asterisks (*) indicate a significant difference between fasting and both pre-fasted and recovery periods. Total activity was significantly lower on the recovery day compared to pre-fasted in the 24 hour group, only.
Supplemental Figure 1 : The antibody was validated by checking for parallelism with the standard curve. A pool was generated using plasma from breeding and non-breeding whitecrowned sparrows. 50 μL of plasma was combined with 2000 pg of corticosterone at a total
